Conservation Agriculture has emerged as a popular form of climate smart agriculture aimed at enhancing climate change resilience for smallholder farmers across Africa. Despite positive biophysical results, adoption rates remain low. It has been acknowledged that improved understanding of farmer decision-making is needed due to the variation in socio-economic and agro-ecological contexts which drives the research agenda to answer the question 'what forms of Conservation Agriculture work, where, and why?'. To fully understand this question, we need to approach the study of Conservation Agriculture within complex farming systems by collating and integrating different forms of knowledge. In this paper, we discuss (1) a comparison of disciplinary approaches to evaluating Conservation Agriculture in Malawi, (2) the identification of the knowledge gaps that persist at the intersection of these disciplines and (3) recommendations for alternative and interdisciplinary approaches in addressing these knowledge gaps. With a focus on published studies from Malawi, we show that the Conservation Agriculture literature represents two distinct approaches to addressing the question 'what forms of Conservation Agriculture work, where, and why?', namely agro-ecological and socio-economic and that neither of these approaches can address the full scope of this question, in particular its 'why' component. To overcome these challenges, there is a need for access to compatible, comprehensive data sets, methodological approaches including farmer participation and ethnography, through on-farm trial research as a middle ground between disciplinary approaches.
Introduction
Conservation Agriculture (CA) has been widely promoted across Africa as a way of improving the livelihoods of smallholder farmers, combining increased climate change resilience and soil carbon sequestration (Kassam et al. 2009; Lipper et al. 2014; Mupangwa et al. 2017a) . It is based on three principles: (1) minimum soil disturbance, (2) soil surface cover with crop residues and (3) crop rotation or diversification via intercropping ( Fig. 1) (FAO 2015) . Agronomic studies have shown that CA can improve soil water retention, decrease soil erosion and runoff, improve soil structure, quality, and biological activity allowing earlier crop planting (FAO 2008; Thierfelder and Wall 2009; Thierfelder et al. 2015c Thierfelder et al. , 2017 . Further literature has shown its potential to enhance soil fertility, heat and dry spell resilience, and crop productivity (Thierfelder and Wall 2010a; Thierfelder et al. 2015c; Steward et al. 2018) . Extrapolating from this evidence of soil and yield improvements, narratives of socio-economic benefits, such as labour saving, women's empowerment, food security and improved rural livelihoods, have become mainstreamed into the promotion of CA (Whitfield et al. 2015b) . There is also a recognition that these benefits do not play out for all people in all places and that there is a need to adapt CA principles to local agro-ecological and socio-economic contexts (Andersson and Giller 2012) . Adoption rates have remained low in southern Africa (Andersson and Giller 2012; Ward et al. 2018) , unlike in Brazil and Argentina where adoption rates have reached > 70% (Kassam et al. 2019) Previous discussions on farmers' adoption of new agricultural innovations have shown that farmers' motivations for adoption are diverse (Biggs 1989; Fujisaka 1994) . Low adoption rates and recognition that there are multiple ways in which agro-ecological and socio-economic context interacts with CA land management practices, continues to drive research efforts to understand what forms of CA work, where, for whom and why? The body of literature that can be considered as contributing to these questions is growing and diverse, covering both agronomic aspects of soil-plant-water interactions, and socio-economic aspects of decision-making, labour and resource constraints Within this body of literature, the way in which the problem of low adoption is framed may be contributing to the difficulty of understanding the reasons for it. The notions of adoption (and non-adoption or dis-adoption) inadequately reflect the complex ways in which farmers interact with, trial, experiment with and adapt agricultural technologies and techniques (Giller et al. 2009; Pannell et al. 2014; Brown et al. 2017 Brown et al. , 2018a . Within academic CA literature, there are relatively few studies that aim to understand CA-related practices within the broader knowledge and decision-making context of farming systems. These limitations are not confined to issues of adoption, but also relate to understanding the interactions between farming practices, the local agro-ecological conditions and more broadly the knowledge and decisionmaking processes of farmers
In this paper, we systematically review existing literature focused on Malawi on the question 'what forms of CA work, where, for whom, and why?' We map out the approaches that are commonly taken to address this question and the contributions that have been made across a broad and growing body of literature. We consider the potential compatibilities between different approaches and what can be learnt through a cross-disciplinary reading of this evidence base. We also consider the limitations of existing evidence, by revealing some of the incompatibilities between different disciplinary approaches, asking 'why do knowledge gaps persist?', and what the alternative ways of interpreting and understanding the 'CA paradox' of low adoption are.
In Malawi, the agricultural sector provides work for 80% of the working population and contributes approximately 35% of the GDP (Ngwira et al. 2012a; Tesfaye et al. 2015) . Malawi is one of the southern African countries where CA has been argued to be favourable because of its low ruminant livestock density, high rural population density and challenges with soil degradation Fig. 1 Left: Malawian conventional ridge and furrow treatment without residues. Right: conservation agriculture treatment with residue cover, minimum tillage and crop rotation or intercropping. The photos of the conventional and conservation agriculture treatment were taken on CIMMYT on-farm trials in Malawi (Ngwira et al. 2012a, c; Valbuena et al. 2012; The World Bank 2016; Asfaw et al. 2018 ). However, a number of recent studies (e.g. Dougill et al. 2017; Chinseu et al. 2019) have highlighted institutional and socio-cultural reasons for the low levels of CA adoption.
This study investigates the approaches adopted by CA literature to understand: 'what forms of CA work, where, for whom, and why?'. The aims of this study are therefore to (1) compare disciplinary approaches to evaluating CA in Malawi, (2) identify the knowledge gaps that persist at the intersection of these disciplines and (3) make recommendations for alternative and interdisciplinary approaches in addressing these knowledge gaps.
Theoretical framework
The dynamic interactions between social histories, rural livelihoods and economies, climatic and agro-ecological conditions, resources and technological change, decision making, including trade-offs, all underpin farming systems research (FSR). FSR has become popular since the 1970s as a way to address the dynamic conditions of farming and the involved decision-making (Whitfield et al. 2015a ). Since the start of FSR as a discipline, its application and methods have diversified from addressing adoption constraints and farmer participation to examining farming processes, functionality and infrastructure (Collinson 2000; Whitfield et al. 2015a ). However, agricultural research continues to be largely approached through discipline specific approaches (e.g. social science, agronomy, economics, climate impacts) that focus on component parts of the system. These disciplines are associated with specific norms, methodological approaches and ontologies.
Individual disciplinary approaches can contribute to an understanding of the what, where and for whom questions of CA. For example, in analysing agronomic field trial data from global CA studies, Steward et al. (2018) showed that CA's performance improves, relative to conventional practices, with drought and heat severity and with low soil clay contents. Thierfelder et al. (2017) found that in agronomic trials across southern Africa that CA maintains higher soil moisture contents during dry spells but can lead to yield reductions during heavy rainfall. Additionally, they suggest that CA increases profitability, although only after 2-5 years, depending on farmer skills and management precision . Other scholars, such as Whitfield et al. (2015b) , apply a critical reflection on the evidence base for CA narratives, to enable the mapping of the 'what' and 'for whom' evidence. From other social science papers, such as Fisher et al. (2018) and Holden et al. (2018) , we have learnt about information and technology distribution through farmer-to-farmer extension and lead farmers. Therefore, individual disciplinary approaches have contributed to specific part of the what, where and for whom questions of CA.
As Whitfield et al. (2015b) show in the context of Zambia, the creation of the evidence base for the CA narratives started in controlled environments (managed by research institutes) focusing on agronomic benefits (e.g. Vogel 1994; Thierfelder and Wall 2009; Thierfelder and Wall 2010a; Thierfelder and Wall 2010b) . On the other hand, the adoption and (socio-) economic studies mainly focused on the inputs, labour, production and profitability evaluation, but there has rarely been interactions across these isolated disciplinary studies (Ngwira et al. 2012a, b; Grabowski et al. 2016) . Andersson and D'Souza (2014) suggest that CA's narrative in southern Africa has been shaped by the development community in socio-economic and institutional contexts.
Despite efforts by various disciplines to increase our knowledge on the aspects of what, where and for whom CA is suitable, the discussed CA paradox of low adoption despite positive biophysical results persists. There are certainly more knowledge gaps in the 'what', 'where' and 'for whom' aspects of this broader question still to be filled, but we hypothesise that it is particularly in the 'why' component of the questionin understanding why CA is favourable to, and practiced by certain people in certain contexts, and not by others-where the most fundamental gaps in knowledge persist.
Different theories about why CA does or does not work tend to emerge from different disciplines, themselves reflecting different sets of assumptions, methodological approaches and problem framings (Leach et al. 2010; Sumberg et al. 2012 ). These theories, whether about labour availability, soil properties, institutional environments, climate, innovation dynamics or any number of other aspects, are rarely wholly adequate on their own. However, collating across this broad body of CA research is also difficult because of the ontological and methodological differences that characterise different research approaches. Integrating across different knowledges and disciplines has three main challenges according to Black (1998 Black ( , 2002 : the foundation and infrastructure for communication between disciplines, the language and terminology collating across disciplines and their understanding and the different perceptions on the discussed issue. As a direct response to these challenges, in this paper, we map out the approaches to research on CA in Malawi, to explore whether there is a disciplinary and conceptual gap and to characterise this in terms of language and issue perception, as a basis for reflecting on how the integration and communication across the CA research landscape might be achieved.
Methodology
To evaluate the literature on CA in Malawi, we conducted a realist systematic literature review (Thompson et al. 2010; Biesbroek et al. 2013; Antwi-Agyei et al. 2015) . This approach focuses on depth and qualitative analysis as opposed to quantity as is the case with a systematic approach. Literature searches were conducted in the publications databases Scopus and Web of Science (WoS). The search terms were selected to cover the diversity of terminology used to describe CA, constraints, farmers and geographical area (Table 1) . Various search terms were tested to ensure capturing a wide variety of literature for the next selection phase. All collected literature (WoS 94 papers, Scopus 56) from the search was reviewed based on titles, abstracts and full texts and a selection was made based on the selection criteria ( Table 2 ). After selection, 40 articles were deemed relevant.
The articles were reviewed based on four key points, identified to highlight the component parts of the broader questions, namely, (1) what CA is (i.e. how CA practice is defined and described), (2) what it means to work (i.e. how CA success is defined and measured), (3) where and for whom (i.e. the contextual and determinant factors of success that are considered) and (4) why (i.e. the explanatory mechanisms for success in particular contexts that are presented). The first framing condition focuses on the variety of used CA definitions, followed by framing condition 2 on what is considered as CA being successful (i.e. success metrics). Framing condition 3 examines the conditions of the CA studies and the provided information on these conditions. Lastly, framing condition 4 considers if studies present the drivers and explanations behind CA's performance and suitability. Following the grounded theory approach (Glaser and Strauss 1967) , information according to the four key topics and framing conditions was collected for all papers and used for qualitative coding. After all the codes in response to the four key points were collected, each paper was assigned binary numbers for each of these codes (1 = yes and 0 = no). The binary values assigned to the identified codes enabled us to apply a cluster analysis and create a dendrogram in SPSS Statistics 23.0.0.2 (IBM Corp 2015). The cluster analysis method selected is the hierarchical cluster analysis according to Ward's method, which is also used in standard statistical analysis such as ANOVA (Ward 1963 The framing question 'What is CA?' focuses on the definition of CA including the practices that are evaluated in the studies. The time aspect in the definition (e.g. how long before we call it CA?) is in most cases not part of the definition, but some studies consider the effect of time on the results (framing condition 3). In some cases, CA's three main practices are used or the practices adopted by farmers defines the working definition (n = 19). There is a group of literature, which provides detailed technical prescriptions (n = 20) or information on additional agronomic practices and guidelines (n = 27) that are needed for successful functioning of CA. These practices include fertilizer, herbicide, organic manure (Mupangwa et al. 2017b; Fisher et al. 2018) , agroforestry tree species (Andersson and D'Souza 2014) and seeding patterns including spacing and planting methods (Ngwira et al. 2012c (Ngwira et al. , 2013 Thierfelder et al. 2013b Thierfelder et al. , 2015c Thierfelder et al. , 2016a Bunderson et al. 2017; Mupangwa et al. 2017b; Mutenje et al. 2019) , ripping (Thierfelder et al. 2015c; Mutenje et al. 2019 ) and basin planting (Thierfelder et al. 2015c; Mutenje et al. 2019 ). In the paper by Thierfelder et al. (2016a) , CA is defined as no-till with residue cover and dibble stick planted maize only in one treatment and maize (Zea mays L.)-cowpea (Vigna unguiculata L.) intercropping in the other-the later following the stringent definition of FAO with all three principles covered while the former being an "incomplete CA-based system". Additionally, maize row spacing (75 cm and 25 cm between stations), seed quantity (1 seed per planting station) and the fertilizer rates (69 kg ha −1 N/21 kg ha −1 P 2 O 5 /4 kg ha −1 S) are also provided. Other papers, such as Mloza-Banda et al.
(2016), include information on the chemical weed control.
Some of the papers question CA definitions and are critical about them (n = 4). In some cases, farmers self-define what they consider CA principles or select the individual practices they implemented (e.g. only no till and residues, or only residue retention) (n = 4). In four cases, only two CA practices (no-till and residue retention) within the CA definition were tested (Ngwira et al. 2012b (Ngwira et al. , 2014a Thierfelder et al. 2013c; Khataza et al. 2018) , and in some cases, CA adoption and preference were discussed per practice (Ward et al. 2016 Chinseu et al. 2019 ). The study by Khataza et al. (2018) , for example, only focused on minimum tillage and residue retention because these were new practices in the study area. Lack of precision in the definition of CA and no-till systems (Chinseu et al. 2019 ). The precision of treatment descriptions is often due to research or promotion taking place in controlled field trials, demonstrations or research stations. This provides the possibility to implement the needed treatment design control to enable comparison (e.g. Thierfelder et al. 2015b; Thierfelder et al. 2013a; Thierfelder et al. 2016a; Nyagumbo et al. 2016 ). These studies often represent context-specific variations of CA. This is reflected in the trial design variation in conventional practice, fertilizer recommendation, seeding practices (n = 13) or legumes or plant varieties (n = 13) to make it suitable for local adaptation and uptake.
For example, divisions for geographical areas can be found in Thierfelder et al. (2015b) , the CA Malawi treatment is described as no-till with 2.5-3.0 t ha −1 residue retention rate, dibble stick planting, intercropping in one treatment with pigeonpea (Cajanus cajan L.) (southern) or cowpea (Vigna unguiculata L.) (central), 75 cm maize row spacing and 25 cm station spacing, whereas for Mozambique, basin planting with specific dimensions, similar residue retention rates and no till was used in one treatment and dibble stick or jab planter direct seeding in the other treatment. The used fertilizer rate of 58 kg ha −1 N/24 kg ha −1 P 2 0 5 /10 kg ha −1 K 2 0 is different from the one used in Malawi (69 kg ha −1 N/21 kg ha −1 P 2 0 5 /4 kg ha −1 S). Glyphosate for weed control was used on clay soil types but manual weeding with hoes on sandy soils due to perceived environmental hazards on the very sandy soils. The rotation in similar trials in Zimbabwe and Zambia was done with cowpea (or soybeans in Northern Zimbabwe). Additionally, fertilizer rates were higher than Zimbabwe because of local blending and recommendation. The definition of the CA practices is therefore not subject to the farmers themselves but defined by researchers who are able to share the recorded details of these practices. The CA definition as stated by the FAO is based on the three core principles and allows for adaptation to the local system for inputs. Reviewing the literature, however, we find a difference in precision of the CA description and little information on how local input or plant variety adaptations impact CA's performance. This challenges comparing CA's performance between studies and eventually answering 'what forms of CA work, where, for whom and why?' 4.2 Framing condition 2: what does it mean for CA to work?
The most popular measures of success in most of the studies was increased yield or greater yield stability (n = 18). This metric of success is used both in the biophysical and economic assessment and in relation to soil health indicators. In TerAvest et al. (2015) , yield is measured besides infiltration, soil moisture, pH and soil organic carbon, whereas Ngwira et al. (2012c) measures harvest, besides soil health indicators and profitability. Another popular measure of CA's success is gross margins, income and profitability change of farmers (n = 11). In some cases, these costs have been used as measurement of success in themselves, with value placed on metrics such as reduced labour and input costs, as well as ease of weeding (Johansen et al. 2012; Bunderson et al. 2017 ). In Ngwira et al. (2012a) , an economic analysis in the form of partial budget analysis was used based on labour data in time per activity, prices of inputs and variable costs determined by the involved extension officer. The profit was determined with the use of average farm gate prices for maize and pigeon-pea. In Bunderson et al. (2017) , income from harvest, costs and gross margins are calculated for CA and conventional tillage.
Other forms of quantitative bio-physical measures of CA efficacy used include various soil chemistry, physics or biology indicators such as soil structure, particle size, bulk density, aggregate stability (n = 9), carbon (n = 10), water infiltration, soil moisture, water tension or logging (n = 10), soil fauna (n = 5), pH (n = 4), N (n = 3), P (n = 2), erosion (n = 2), soil temperature (n = 1) or other chemical indicators such as K, Ca, Zn (n = 1). Other measures of success include weed (n = 2) and pest suppression (n = 2). Even when considering specific metrics, there can be different ways of interpreting and understanding what it means for CA to 'work'. In case of the soil data, it often used to assess 'improvement' in soil health or soil quality. Soil quality is considered as looking at a combination of inherent and dynamic properties whereas soil health mainly focuses only on dynamics attributes (Bünemann et al. 2018 ). These concepts cover physical, chemical and biological indicators active on different timescales, or adapted to the soil function including the assigned indicator weights. Mloza-Banda et al. (2014) and Mloza-Banda et al. (2016) have used a soil structural stability index, which considers soil physical factors. However, none of the other studies has used indices to quantify or make statements about soil health or quality but presented different properties or attributes in isolation without breaking them down to a single indicator. The extent of CA adoption is also popular as a success indicator (n = 17) and can be used in numbers (e.g. how many adopters) or as practices (e.g. what practices are adopted) therefore being quantitative or qualitative. Although adoption is not a direct indicator of the biophysical or socio-economic efficacy of CA, it is sometimes assumed to be a proxy, and thus used as measure of success. In the case of adoption numbers, a majority of the research worked with a quantitative binary system suggesting adoption or non-adoption. Andersson and D'Souza (2014) in particular reflect on the methods that have been used to assess adoption, including the role of variation in definitions, input subsidies and project promotions. Recently, it has been suggested that a non-binary system accounting for the extent of adoption is more suitable because the definition of CA is variable across regions and full adoption is a rarity (Brown et al. 2017 ). This is supported by studies addressing CA (dis)adoption as preferences and adoption of individual practices change through time (Ward et al. 2016; Chinseu et al. 2019) .
Some studies use qualitative only measures of success such as CA adaptation to local conditions (n = 4). For example, Kaluzi et al. (2017) conducted interviews and a survey with farmers to assess their decision making and CA adaptation. They found that 58% did not adapt CA to their context because they followed the exact guidelines of extension services. Additionally, they pointed out that > 50% of the farmerproposed solutions were not documented by extension officers, as they were not considered proven (Kaluzi et al. 2017) . In our review, there were ten papers, of which nine from 2017 to 2019, that explicitly used farmers' attitude, motivation and transfer of knowledge as a measure of success. Only in four cases the dissemination of the innovation, familiarity with CA, demonstrations and farmers' recommendation are used as a measure of success Holden et al. 2018; Brown et al. 2018b; Khataza et al. 2018) . In Fisher et al. (2018) , CA adoption was analysed as a two-step process including first familiarity with the technology in relation to adoption, showing that lead farmers' familiarity and adoption of CA technologies increase likeliness of followers' familiarity. In four studies, the information from different stakeholders was discussed, thereby examining institutional and policy advocacy. In the case of Brown et al. (2018c) , the perspective from local researchers was examined, and in Brown et al. (2018b) , the perspective of agricultural extension providers. Furthermore, the study based on a national multi-stakeholder workshop by Dougill et al. (2017) shed light on the perspective of 18 key institutions including government, CGIAR, NGOs and the National Smallholder Farmer Association of Malawi (NASFAM). Reviewing the measures of success, there is a variety of agro-ecological and socio-economic indicators of success, which are rarely integrated or combined. In particular, the quantitative methods in the agro-ecological or economic disciplines are popular measures for assessing if CA works.
Framing condition 3: where and for whom?
Across the reviewed studies, a variety of variables are considered in order to determine the conditions under which CA works. The most common conditions tested are spatial differences in agro-ecological variables, including climate conditions (n = 26) and soil type (n = 23). Soil type and climatic conditions, in particular rainfall, play a crucial role in attaining CA's benefits with studies finding that CA's benefits are especially apparent in drier environments and low fertility soils (Ngwira et al. 2012c; Thierfelder et al. 2013b Thierfelder et al. , 2015a Nyagumbo et al. 2016 ). In the study by Cheesman et al. (2016) , soil carbon and bulk density were measured in two regions in Malawi (7 communities), 3 provinces in Mozambique (10 communities), 1 province (1 community) in Zambia and 3 provinces (5 communities) in Zimbabwe. Only few articles mentioned livestock density or ownership, and its relation to mulching practices, as a condition tested for in relation to CA performance (n = 5). In Ngwira et al. (2014b) , Tropical Livestock Unit is selected as an explanatory variable to understand if a higher livestock density will lead to more residue competition and therefore lower adoption likelihood.
Conditions in communities or real-world farming systems (as opposed to controlled trial sites) are less controllable and therefore the line between the tested conditions and the contextual conditions can be vague. Demographic information (n = 11) about the contexts that is provided in some studies includes, gender (n = 9), education (n = 9), household size (n = 8), marriage status (n = 6), production (n = 5), duration CA practice (n = 3), resource access and poverty (n = 8), labour (n = 8), land size (n = 7), age (n = 7), CA practices adoption (n = 7), CA or off farm income (n = 3) and input subsidy (n = 4). The study by Kaluzi et al. (2017) , for example, presents demographic data for the various communities in which the surveys have taken place but does not explicitly use them as explanatory variables. On the other hand, the demographic data in the paper by Ngwira et al. (2014b) are used as explanatory variables (e.g. education, family size, gender, age, labour, input subsidy and farmer group membership) for their analysis of CA adoption, using statistical inferences. Other commonly described conditions which make the research context unique are the introduction, promotion and history of CA and the institutional setting and NGO involvement (n = 17). Furthermore, papers focusing on farmer attitudes report on the farmer exposure, knowledge and motivation as conditions (n = 16). Some recorded significant factors affecting CA adoption rates are gender Ward et al. 2018) , hired labour (Ngwira et al. 2014b ), maximum education , peer compliance , area location (Ngwira et al. 2014b; Ward et al. 2018) , age Makate et al. 2019 ), number of incentives or trainings received , support from farmer organization or non-faith based NGOs (Ward et al. 2016) , land size of cultivated land (Ngwira et al. 2014b; Ward et al. 2016; Makate et al. 2019) , household contact to extension (Makate et al. 2019) , farmer group membership (Ngwira et al. 2014b) , current practice of one of the three CA practices (Ward et al. 2016 ) and crop loss due to rainfall or insects (Ward et al. 2016) .
Another discussed factor for CA's assessment is the role of social networks and social groups (n = 12), including farmer schools, farmer-to-farmer networks or NGO memberships. Two studies in particular tested the role of social networks and its impact on CA adoption. The study by Fisher et al. (2018) discusses the role lead farmers (and the farmer to farmer extension) play in the adoption and familiarity with CA. They showed that lead farmer adoption and familiarity affects CA distribution, and their motivation enhances the CA implementation by their followers. The paper by Holden et al. (2018) also focused on the role lead farmers played using a promoter-adopter approach. They concentrate on the CA practices recommendation to followers by the lead farmers, of which 45% would recommend minimum tillage, 27% mulching and 49% crop rotation .
Time also plays an important role in CA research as a condition due to benefits in the form of yield only being recorded after a couple of years (n = 14). Additionally, time is also tested as a condition based on the assumption that the longer farmers are exposed to CA to more likely they gain knowledge, or adopt CA (Cheesman et al. 2017) . Reading across the literature, the conditions tested under which CA works and the approach to testing these conditions varies.
Whereas in the agro-ecological studies, these tested conditions are more controlled (e.g. soil type, climate, varieties), the line between the tested and contextual conditions in the socioeconomic studies is less distinctive.
Clustered framing conditions
The identified codes were divided according to the themes that were found when analysing the papers for the framing conditions (Table 3) . These codes were assigned binary values (1 = present, 0 = absent) to enable a cluster analysis.
A distinction between clusters of literature can be observed based on the tested conditions, success metrics and definition as shown in the dendrogram (Fig. 2) . The dendrogram shows two main clusters and further subdivision intro three sub-clusters. When considering the literature in each of the clusters, it shows that the first cluster can be characterised as having a predominantly agro-ecological focus. The sub-division into two clusters (numbers 1 and 2) is caused by the use of econometric metrics of success (e.g. input prices, yield income, labour hours per activity) in the papers in cluster 2. These papers therefore use a technical definition, trial conditions and agro-ecological measurements but additionally use profits as a measure of success and considered conditions. The two sub-clusters (a and b) within cluster 1 are caused by a difference in success measurements. Sub-cluster a does not include soil measurements, whereas sub-cluster b does. The subclustering within cluster 2 can be explained by the type of paper. Sub-cluster a includes two review papers and discusses more factors for framing condition 2 (what does it mean for CA to work?) than the papers in sub-cluster b. In sub-cluster 2, there is a single branch to one paper that focuses on Table 3 Codes used for cluster analysis, based on literature provided answers to the three framing conditions. n shows how many study was identified with a 'yes' response to the code Institutional and policy advocacy 4 Social networks and groups 12 Cropping system and plant varieties econometrics but also has farmers' attitude and perspectives included, thereby integrating trial and survey data (Mutenje et al. 2019) . Overall, cluster 2 approaches the 'what' part of the question with detailed technical definitions that are often pre-scripted due to controlled trials. Its success is often measured in quantitative results on agro-ecological parameters (e.g. soil, yield) or including quantitative econometrics. The 'where and whom' part of the question are most frequently addressed in terms of different climate and environmental contexts, such as soil type, cropping system, and rainfall.
Cluster 3 consists out of the social science literature using basic three CA principles only without further prescriptions. This cluster focuses on transfer of knowledge, institutional context or household demographics as success metrics or research conditions. The clustering within this group is due to the inclusion of an institutional focus in the sub-cluster a papers as opposed to the papers in cluster b that do not include an explicit institutional focus. The approach to the 'what' part of the question is therefore not pre-scripted but based on the three concepts, self-defined by farmers or critically discussed. The success metrics in this group are both quantitative in terms of adoption numbers and economic demographics, but also qualitative in terms of farmers attitude and transfer of knowledge. The 'where and for whom' conditions in this cluster are diverse due to the acknowledgement of diverse farming community contexts. The characteristics of these clusters therefore show that they have a distinct approach to the 'what, where, for whom' questions.
The identified agro-ecological and socio-economic clusters reflect epistemological differences. Cluster 2 may intersect the disciplines of agro-ecology and econometrics, but it is based on agro-ecological definitions and conditions and is oriented towards realism and objectivism. It uses economic data collected in researcher-controlled environments through surveys or interviews as measure of success. On the other hand, socioeconomic cluster 3 is increasingly embedded in subjectivism. However, most studies in cluster 3 still utilise researchercontrolled interviews, focus groups and surveys for data collection. Therefore, the level of participatory methods or ethnography is higher in the socio-economic cluster, but only two papers self-acclaim utilizing participatory questions or methods (Ndah et al. 2014; Dougill et al. 2017) . In one case, the context in which the research is conducted, which also serves the purpose of CA dissemination, is acclaimed as participatory (Bunderson et al. 2017) . Additionally, there was only one study, based in cluster 3, using an ethnographic approach .
A majority of the agro-ecological papers are based on data from CIMMYT field trials, both on-farm and from research stations. The reviewed literature in this cluster is predominantly published in agricultural and soil journals. A review of the journals cited by the included papers shows that the studies cite mostly crop, soil and agronomy journals (e.g. Soil & Tillage Research, Field Crops Research, Soil Science Society of America Journal). In the socio-economic papers, there is a larger diversity in authors and research groups. A majority of the papers in this cluster are published in the last 2 years, whereas in the agro-ecological cluster, the studies have a longer age range, with only three papers from the last 2 years. The journals for publication of the socio-economic literature are land management and sustainability focused.
The cited literature in these studies is widely drawn from economics, management, sustainability and development journals (e.g. American Journal of Agricultural Economics, Agricultural Economics, Food Policy, The Journal of Agricultural Education and Extension). Additionally, the cited literature in this cluster shows a higher diversity in cited journals compared to the agro-ecological papers. Therefore, there are articles (e.g. Giller et al. 2009; Kassam et al. 2009; Thierfelder et al. 2013c Thierfelder et al. , 2015c Andersson and D'Souza 2014) cited across the literature but the review of the authors, journals and cited journals shows that there is a distinction between the clustered discipline groups.
Framing condition 4: why?
Our analysis of the different clusters of papers shows that within the agro-ecological cluster, it is more common to use a hypothesis, which is tested on controlled research stations and trials. This does not always result in understanding the drivers behind these measurements (thus answering the "why part" of the research question in this study). For example, the papers using soil health indicators typically use process-based arguments to justify chosen indicators. Statistical models are applied to show a relation between contextual factors and yield data. These include the treatment (CA vs non-CA), CA concepts, site or season (n = 14), or specifically soil type and rainfall (n = 1). More commonly, statistics are used to check the soil indicator results per treatment, such as C or N indicators (n = 8), water dynamics (n = 8) or soil chemical and physical attributes (n = 6). Only in a few studies were soil health indicators used in statistical tests to examine relation to yield or interaction (n = 4); therefore, a significant number of soil physical or soil chemistry results are reported without insight on the pathways leading up to the observed yield result or water dynamics.
Within the socio-economic cluster, there are different approaches to handling the why question, which can be qualitative or quantitative. In cases where data is collected in the form of demographic results for context description, statistics were used to assess the interaction and most influential factors based on the demographic results such as household size, gender, site or education. In other papers, qualitative responses were collected and shown in frequency numbers or used to show the diversity of answers and possible drivers of decision-making (e.g. Kaluzi et al. 2017) . The qualitative approach and demographic statistical models especially focus on the 'why' part of the question including the drivers of decision-making. This cluster therefore has a stronger focus on the why part of the question which will be accompanied by contexts addressing the 'what, where and for whom'. However, the less controllable research conditions and complex farming community contexts make these drivers difficult to extrapolate or generalise.
Characterising and comparing disciplinary approaches to evaluating CA in Malawi
The systematic literature review and analysis presented here reveal a clear distinction in approaches to CA research. Our analysis demonstrated that there is a sub-clustering in the agronomic studies (cluster 1 and 2), where some studies include an economic analysis with the biophysical metrics. These studies do still apply a technical CA definition, use quantitative metrics and often controlled conditions. Conversely, there are socio-economic studies that have looser (sometimes farmer-defined) definitions of what CA is, have socioeconomic (increasingly qualitative) metrics of success and do not have well-controlled variables to test. The distinct approaches lead to only partial answers to the key question of what forms of CA work, where, for whom and why? and create knowledge gaps that exist in the gap between the approaches.
The illustrated clustering represents two distinct ontologies and epistemologies. Natural science is oriented towards realism (ontology) and objectivism (epistemology). This means that it strives for objective empirical observation with the use of scientific methods, assuming one independent objective reality (e.g. measured biophysical results on CA trials) (Crotty 1998; Moon and Blackman 2014) . On the other hand, the socio-economic literature can also be embedded in relativism (ontology), constructionism or subjectivism (epistemology) (Crotty 1998; Moon and Blackman 2014) . These studies therefore focus on the interaction between object (e.g. CA) and subject (e.g. farmers), considering the subject's context such as history, culture and morality. These differences in approaches to agronomic research questions and the need to integrate these forms of knowledge can also be found in other agronomical debates such as System of Rice Intensification (SRI) (Sumberg et al. 2012) . These distinct approaches are products of embedded methodologies, framings or principles; therefore, they are self-reinforcing and challenging to bridge (Whitfield 2015) . When the goal is to cross these disciplinary divides, it means not only methods will need to be integrated but also the associated ontologies.
6 The knowledge gaps that persist at the intersection of these disciplines
In controlled studies, it is difficult to account for the multiple ways in which farmers practice and adapt CA, the multiple metrics of success that they might apply in evaluating it, or the diversity of socio-economic and agro-environmental conditions that might affect this 'success'. The precision with which the agricultural practices on research stations (or researcher managed on-farm trials) are carried out create 'high internal validity' and enables an exact and robust evaluation of the innovation, as required in (biophysical) agronomic research (Stevenson et al. 2014) . At the same time, this limits the research by not accounting for socio-economic conditions and farmers' decision making (Giller et al. 2011; Stevenson et al. 2014) . The feasibility and suitability of these agricultural practices for smallholder farmers are not reflected in these studies. The socio-economic studies trying to fill this knowledge gap are more at risk of doubtful internal validity because of challenges such as farmer heterogeneity and participant selection bias (Stevenson et al. 2014 ). In socio-economic studies, there is a lack of systematic, replicable documentation of agronomic conditions, practices and success metrics. It is therefore difficult to create an understanding of what works where and why, from these contextualised studies.
The lack of compatible data and metrics across these different types of studies means that it is difficult to integrate across these clusters to build a more complete picture of what forms of CA work, where, for whom, and why?, in particular the why part of this question. Detailed biophysical data is rarely collected as part of community-based research, nor are socio-economic metrics of success as part of controlled field trial experiments. It is uncommon to use controlled experimentation to systematically test the insights that come from community research. Additionally, the biophysical conditions on farms are often not commonly compared with those of trial situations.
The knowledge gaps that exist in the space between the varying approaches can assist with answering the why question. One of these gaps concerns the way in which different forms of knowledge are communicated and interpreted within farming communities, often organised around lead farmer and demonstration plot models by external organisation for the purpose of conservation agriculture promotion. It has been suggested that CA is a knowledge and management intensive agricultural technology, which might challenge its adoption in farming communities (Wall 2007; Giller et al. 2009 ). This requires examination of how agronomic knowledge is transferred within farming communities and if time will increase exposure and knowledge or if other factors are at play (Cheesman et al. 2017; Fisher et al. 2018; Holden et al. 2018) . The different stakeholders involved and the agronomic nature of this technical information require both clusters to integrate for understanding these challenges and knowledge gaps. Furthermore, the processes through, which CA principles and practices are experimented within and adapted to different systems and different farm level priorities, requires an interdisciplinary study of the interactions between socioeconomic and agronomic processes. Socio-economic studies can contribute to looking into the challenges such as 'the mindset of the plough' (Andersson and D'Souza 2014) through understanding farmer decision-making, prioritization and contextual importance, but this also requires experimentation and learning around the biophysical performance of CA practices and principles. The framing conditions and disciplinary analysis build on the work by Andersson and D'Souza (2014) , which highlighted the socio-economic and institutional conditions of CA adoption, and Giller et al. (2011) , which considered the research gaps on different levels from field to regional. The explicit focus on disciplinary approaches and epistemologies, developed here, adds to mapping the framing conditions of CA literature and identifying the challenges to interdisciplinary and integrated analyses. It supports the previous laid out CA research agenda's call for integrated and interdisciplinary studies (Giller et al. 2011 (Giller et al. , 2015 . Additionally, it enables us to make recommendations to specifically improve integrated and interdisciplinary approaches to understand 'What works, where, for whom and why?.' 7 Recommendations for alternative and interdisciplinary approaches in addressing these knowledge gaps
To effectively address persistent knowledge gaps, new approaches are needed in studying what forms of CA work, where, for whom, and why? We acknowledge that farming systems are complex dynamic systems and that the discussion on farmers' adoption of new agricultural innovations has been ongoing for decades (Biggs 1989; Fujisaka 1994) , including challenges that can be described as 'wicked' problems (Rittel and Webber 1973; Batie 2008) . This shows that tensions may persist between approaches and that it is unlikely to find one single solution. However, improving interdisciplinary approaches such as FSR can support addressing the identified knowledge gaps. Here we briefly outline three methodological recommendations for advancing research at the intersections between the socio-economic and agronomic research traditions that currently dominate CA research.
Our first recommendation is about the products and protocols of research. Collecting a broad range of variables within both socio-economic and agronomic research, and making this data widely available in consistent and comparable formats, through platforms such as the CGIAR CSA initiative can offer more scope for collating and integrating mixed data from a common context, to inform meta-analysis research (CCAFS 2019) . Because of the diversity and dynamic nature of farming systems, it is unrealistic for any individual research project to collect all possible variables over comprehensive spatial and temporal scales in order to fully validate comprehensive theories about CA. For this reason, there is real value in conducting meta-analyses across multiple datasets, which collectively better span the range of variables and scales. However, the strength of such analyses depends critically on the quality, compatibility and comprehensiveness of that collated data. Designed research with this in mind, with a view to making data accessible and computable for others, can contribute towards this broader endeavour of untangling and answering questions about what works, where, for whom and why. The yield data meta-regression by Steward et al. (2018) for example has illustrated the value of using collected data to answer the what and where parts of the question. To enable more meta-analyses like Steward et al. (2018) , access to compatible, comprehensive and quality datasets is needed.
Secondly, we advocate for a methodological approach that draws strongly on a rich history of participation in farming systems research. Involving farmers and integrating local knowledges in the design and analysis of research across farming systems can contribute to a more thorough embedding of researching understandings of the local systems and broadening out of perspectives on why CA works (or does not work) in those contexts. To this end, there is value in advancing more ethnographic approaches to farming systems research. Ethnographic studies of innovation and technology development-termed technographic observation (Glover 2011)-provide rich insights into the values, philosophies and priorities of individuals, as well as the processes of social interaction, exchange and knowledge creation, that underpin farming practices. Process of experimentation and adaptation of farming practices are dynamic and change over time, and resistance to new technologies may be similarly rooted in long histories. Such conditions may only be realised and fully understood through research that is embedded in societies and cultures over time. There are already examples of disciplines focusing on local understanding of often scientifically approached natural phenomena, such as the field of ethnopedology which covers the indigenous classifications of soil and understanding of soil processes. Additionally, technographic observation as described in the case of SRI in Glover (2011) suggests asking more open-ended questions about new agricultural innovations, such as how it works in practice, and how this new knowledge flows into the current farmer practice systems. These kinds of approaches are the closest examples of bridging the ontological and epistemological perspectives described earlier.
Our third recommendation relates to the sites and structures of research. As a hybrid of controlled experimentation fields and household or community level research, we believe that on-farm experimentation and demonstration trials offer a valuable middle ground. This can contribute to achieving an interdisciplinary approach and potentially transdisciplinarity, where farmers are included in knowledge generation and interpretation. On-farm demonstration trials provide an opportunity to account for the more contextual information and data accepted in the agronomic research community (e.g. control fields, known quantities of herbicides and fertilizer) whereas the management by the farmer still allows for the community and cultural influence (Maat and Glover 2012; Wall et al. 2019) . Research focused on on-farm demonstration trials is based on certain assumptions, such as the representativeness of on-farm trial results of new innovations for what farmers can accomplish on their own fields when the knowledge and experience is sufficient. These assumptions should be carefully handled and evaluated, but these trials offer the possibility to study multiple aspects, including technographic observation and their interactions around conservation agriculture.
The participation of farmers can take various forms depending on the aim and project phases. Biggs (1989) provide various examples of resource-poor farmer participation in research and describes four forms of participation: (1) contractual-farmers are contracted to provide a service or land; (2) consultative-farmers are consulted about their challenges which will feed into solution development; (3) collaborative-farmers and scientists are partners in the research; (4) collegial-the focus is to enhance informal development and research systems already in place. To increase participatory processes to answer 'what forms of CA work, where, for whom, and why?', it is important to tap into the informal research and development systems, local knowledge and extension systems. The collaborative and collegial mode provides the most potential for this. However, these forms of participation require understanding of institutional and political settings, and socio-economic barriers of participants and proper organisation of two-way communication is crucial (Biggs 1989) . Furthermore, the level of interaction of the different participants including biases in selection and roles, and meeting design (in addition to trials and surveys) is important for creating interdisciplinary and participatory research processes (Biggs 1989) . The presence of various disciplines does not automatically result in well-integrated studies. The management should enable timely iterative review and assessment of the goal relevant information (Biggs 1989 ). An increasing involvement of social scientists and ethnography can provide valuable support to reaching this level of participation, organisation and integration.
It is important to note that on-farm trials can fall into specific discipline studies, and therefore, it is not the solution in itself. The work on on-farm trials provides an opportunity to incorporate different knowledge systems, incorporate control and complexity, and that can embrace quantitative and the qualitative methods. The CIMMYT on-farm trial literature such as Thierfelder et al. (2015a) , Ngwira et al. (2012c) and Thierfelder et al. (2016a) shows the potential of examining biophysical, econometric and in the case of Thierfelder et al. (2015a) also socio-economic aspects around the on-farm demonstration trials. Another example is the mother-baby trial system in Snapp (2002) and Kerr et al. (2007) , where a farmer research team supported by researchers maintained the mother trial with various legume technologies and 1-2 options were tested by individual farmers. There are different levels of farmer participation in on-farm research (Biggs 1989) . Whereas the CIMMYT trials are on the side of controlled researcher-designed trials, participatory action research (PAR) is a form of on-farm research where farmers are involved in the initial stages of research design and are included repetitive cycles of research, reflection and action (Ernesto Méndez et al. 2013 , 2017 . There is therefore potential to use the on-farm trials as middle ground for combining the approaches from different disciplines.
We believe that there is value in investing greater effort towards participatory and ethnographic research in and around on-farm experimentation and trial plots of CA, in order to understand how farmers engage with, interpret and contribute to contextualised knowledge processes. Interpreting this evidence within broader systematic analyses of consistent and comprehensive datasets, which cross socio-economic and agro-ecological variables and cross temporal and spatial scales, can contribute significantly to understanding what forms of CA work, where, why and for whom.
Conclusion
This analysis of the CA literature in Malawi has shown that there are two distinct approaches, namely agro-ecological and socio-economic, to addressing the question of 'what forms of CA work, where, and why?' Neither of these approaches can address the full scope of this question on its own. The approaches are fundamentally different, which makes them incompatible and impossible to just read across this literature in order to answer the question. For example, the controlled conditions and strictly defined practices that are used in controlled trials to understand the agronomic performance of CA do not reflect the messy and often fluid realities of how it is adapted and applied on farms. The agronomic arguments do not necessarily translate well. Equally, the lack of systematic, replicable documentation of agronomic conditions, practices and performance in research on farming communities means that it is difficult to scale out our understanding of what works where and why, beyond the confines of the trial site.
Some of the knowledge gaps exist in the space between these two approaches. Examples are our understanding of how knowledge and information are constructed and communicated across scales, and how different and contextualised knowledges shape on-farm decision making around the adoption and adaptation of CA. We suggest that on-farm trials provide an opportunity for decreasing the space between different approaches and increase the connectivity of studies from across different disciplinary realms. Approaches such as technographic observations around these on-farm trials can provide a new approach that includes both the technical and social aspects of the CA studies. The on-farm trial provides a promising space for interdisciplinary epistemology and ontology, which incorporate different knowledge systems, qualitative and quantitative methods, control and complexity. Interpreting findings from integrated studies within broader meta-analyses of comprehensive and cross-scale datasets will help us to better understand what forms of CA work, where, for whom and, crucially, why.
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